T
he informed consent process is a critical component of protecting human participants in biomedical research, with the goals of informing participants of the purpose of the study and the likely risks, benefits, and alternatives (1) . Ideally, this process is designed to facilitate educated decision making and promote voluntary participation in human subject research. The informed consent process honors broad ethical principles, such as respect for participant autonomy and confidentiality. Three generally accepted elements of informed consent are capacity to consent, voluntary choice, and disclosure (2) (3) (4) (5) . Furthermore, U.S. federal regulations emphasize that disclosure of information must be in language that is understandable to the participant (6) . International and federal guidelines aim to enforce adherence with ethical principles for the protection of human participants in biomedical research (7) (8) (9) . In the United States, the Code of Federal Regulations, 46.116 (6) , requires formal review processes by local institutional review boards (IRBs) and has led to the generation of institution-specific templates for informed consent documents. In modern medical centers, use of informed consent documents is not restricted to the research setting because similar documents are also used in routine patient care, including general consent-to-treat documents, Health Insurance Portability and Accountability Act privacy statements, and surgical or procedural consent documents. These consent documents are generally incorporated into the medical record as legal evidence that the informed consent process has taken place. Designing documents to effectively communicate the key elements of informed consent and to address the diverse cultural, educational, and socioeconomic backgrounds of patients and study participants remains a major challenge (10 -17) .
Human genetic studies are generally considered to be low risk but almost always require formal IRB review. Because genetic studies can generate sensitive medical information about individual participants as well as their ethnic communities, ensuring confidentiality is a major consideration during review (18) . Recent advances in technology have led to an explosion in human genomic research while also creating new challenges for protecting human participants. Individual genotype data can be considered private health information in light of the potential for prediction of disease risk (19) , as well as family relationships (20) and ethnicity (21) . Additional challenges are presented by datasharing initiatives, such as the Database of Phenotypes and Genotypes (22) , that have been developed to facilitate scientific access to large-scale genotyping information generated primarily with public research funds. To protect the privacy of research participants, safeguards have been instituted to ensure that individual genetic data are deidentified before publication or inclusion in public databases.
We measured the time taken by participants to review an online informed consent document before agreeing to participate in a genetic study and recorded the identification of a masked hyperlink inserted near the end of the online consent document.
METHODS

Study Design and IRB Approval
Consent data were collected as a component of a prospective sibling cohort study to identify genetic variants influencing thrombosis and hemostasis. After completion of the consent process, participants answered a 52-question phenotyping survey online and scheduled an appointment for phlebotomy to collect 50 mL of blood. After completion of the study, participants received $30 to $50 per person, depending on sibship size. The IRB at the University of Michigan approved the study. All personal identifying data (name, e-mail address, and contact information) were removed from the study databases before analysis.
Participants
A cohort of healthy siblings was recruited from the University of Michigan by e-mails targeted to undergraduate and graduate student e-mail lists and bulletin postings on the campus of the University of Michigan, Ann Arbor, Michigan, from 12 February 2008 to 30 January 2009. Participants were directed to the study Web page, and those who completed the eligibility screening were e-mailed a username and password to securely access the study's online informed consent document and phenotyping survey. Persons who exited the consent or survey Web page before completion were returned to the same Web page on repeated log-in. Investigators were available by e-mail to answer questions about the study. A demonstration of the study home page with links to the eligibility screen, financial compensation scheme, and consent documents, as well as the online phenotyping survey, is available at http://blood-demo.lsi.umich.edu/home/index.php.
Eligibility Criteria
Because of the nature of the genetic traits under investigation, volunteers were eligible if they were generally healthy, were aged 14 to 35 years, and had an eligible sibling. Participants who indicated that they were pregnant or had an illness requiring regular medical care were excluded. Any participant who consented was included in the analysis of consent time, including persons who did not complete the entire genetic study and persons whose sibling never participated in the study.
Informed Consent Documents
Informed consent documents were generated by using standard templates provided by the IRB at the University of Michigan (23) . Participants younger than 18 years viewed and agreed to a 368-word assent document. After assent, the full informed consent document page was loaded, with instructions for a parent or guardian to view and provide consent. Two consent documents were generated: one for participants aged 18 years or older and one for parents or guardians of participants aged 14 to 17 years. These latter documents each contained 12 sections and totaled 2833 words or 2984 words, respectively. Standard reading speeds for comprehension of written texts have been established as 200 to 300 words per minute (24) , corresponding to 566 to 850 seconds for the consent documents used in the current study. Flesch-Kincaid gradelevel index of readability was 9.2 for the consent documents, suggesting a 9th-grade reading level (25) .
Hyperlink Tool
A hyperlink allows an online user to access linked Web sites by clicking on hyperlinked text. A hyperlink was introduced into the online consent forms on 5 May 2008 and was viewed by the 1031 persons accessing the consent documents after that date. The text of the hyperlink, "If you are reading this form, please click on this sentence," was in the same font and color as the narrative text and was inserted into the final sentence of section 9.1. Persons who clicked on the hyperlink were directed to a small pop-up window displaying, "Thank you, you took . . . . seconds to find this sentence" and were then returned to the consent Web page. The PDF file of the consent document, which was available for download, did not contain the hyperlinked sentence. The hyperlink was identified by more than 1 family member in 2 sibships. In each case, the first consenting sibling had the longest time to consent for the sibship. For both sibships, the later siblings acknowledged at the time of the blood draw appointment that they had previous information about the hyperlink from the initial sibling. The consent times for all 5 of these siblings with previous knowledge of the hyperlink were excluded from hyperlink analyses but not from the overall consent-time assessment.
Measurements
Internet activity on the server hosting the study Web pages was monitored by using HTML logs. The date, time, and IP addresses of computers accessing the study home page and eligibility pages were recorded. Any IP addresses representing Web bots (repetitive Web site hits) or known IP addresses from study computers were removed before analysis of recruitment activity. The number, date, and time of informed consent Web page uploading was recorded. Consent was documented when the user clicked on a button labeled "Agree," which was located outside of the scrolling window of the consent form. Time to consent was calculated by the difference in time between the server sending out the informed consent Web page and the server receiving an "Agree" click. For every participant who clicked "Agree," identification of the masked hyperlink or downloading of the PDF version of the con-sent form was also recorded. Consent-time data, but not user IP addresses, were linked to participant and family identification codes.
Statistical Analysis
Consent times between participant groups, such as persons who identified the hyperlink and persons who did not, were compared by applying a nonparametric test of equality (the Kolmogorov-Smirnov test), and the corresponding P values were reported. P values for subgroup differences between men and women or minors and adults in study completion, printing PDFs, and identifying the hyperlink were calculated by using 2 ϫ 2 contingency tables and the chi-square test. None of these P values were less than 0.05.
Role of the Funding Source
The National Institutes of Health funded the study. The funding source did not play a role in the design, conduct, or analysis of the study, or in the decision to submit the manuscript for publication. Figure 1 shows the cumulative number of hits to selected Web pages over the duration of the study. From 12 February 2008 to 31 January 2009, there were 16 124 hits to the main study home page and 5402 hits to the eligibility screen page. A total of 1758 participants completed the eligibility screen and were issued usernames and passwords. The informed consent Web page was uploaded 1303 times, and 1219 (93.6%) persons clicked "Agree" to the consent document. Ten participants were identified through genotyping to be duplicates (participating in the study for a second time and thus having previously viewed the consent document). Data for these 10 participants were removed from the analysis (median time for duplicate consent, 7.5 seconds). Of the remaining 1209 participants, 751 (62.4%) completed the entire genetic study. Age, sex, self-reported ethnicity, and additional phenotyping data were recorded for each person.
RESULTS
The Table shows the demographic characteristics and consent-time distributions among subgroups in the study. Age ranged from 14 to 35 years, with a mean of 21 years. One hundred fifty-nine consenting participants (13.1%) were younger than 18 years. Women constituted 61.9% of participants in the study compared with 48.0% for the University of Michigan student population. Self-reported ethnicity was consistent with the composition of the University of Michigan student population (26).
The distribution of consent times for 1209 participants (Figure 2) shows a peak at 10 seconds (n ϭ 341 [28%]) and a right-sided tail consistent with a heterogeneous choice of consent times. Among all participants, the median consent time was 53 seconds. Eightyone (6.7%) participants took longer than the minimum estimated reading time (566 seconds) to indicate consent. Times to consent greater than 1000 seconds were recorded for 34 persons (2.8%) (grouped into the last bin in Figure 2) .
A total of 26 participants independently identified the informed consent document hyperlink (2.5% of study participants, each indicated with an asterisk in Figure 2) . The median consent time for the participants who identified the hyperlink was significantly longer than the median time for the 1000 who did not (621 vs. 54 seconds; P Ͻ 0.001) ( Table) .
A total of 159 parents or guardians consented for their child (13.1% of all participants); median time to consent was 13 seconds, compared with 68 seconds for the 1050 participants of consenting age (P Ͻ 0.001). Because the participants were unobserved and consent Web pages were loaded immediately after minors agreed to the assent form, we cannot exclude the possibility that some minors may have clicked "Agree" without parent or guardian agreement. Consenting parents or guardians were less likely to identify the hyperlink than participants aged 18 to 35 Online recruitment was logged by recording Internet activity on the study home page, eligibility screen page, and log-in usernames to the informed consent document page. Internet hits to the home page and eligibility page that were from study investigators (specific static IP addresses) or Internet "bots" (Ͼ100 hits/d) were removed. A total of 1758 login usernames and passwords were sent to persons who completed the eligibility screen, allowing them to log in and view the study informed consent document. Genotyping identified 5 sibling pair duplicates, and data from these 10 participants were removed. ICD ϭ informed consent document; IP ϭ Internet protocol.
years, although a direct role of the minor cannot be excluded. Women took longer to consent than men (median time, 66 vs. 36 seconds; P Ͻ 0.001, Kolmogorov-Smirnov test) but were not more likely to identify the hyperlink (P Ͼ 0.24), download the consent PDF (P Ͼ 0.35), or complete the entire genetic study (P Ͼ 0.79). The 57 (4.7%) participants who downloaded the consent PDF file took significantly longer to consent (median, 234 seconds) than the 1152 who did not (median, 45 seconds; P Ͻ 0.001). Participants with other siblings who completed the consent did so with faster median times than participants without siblings (median, 45 vs. 90 seconds; P Ͻ 0.012). There were no significant differences in time to consent between participants who completed the entire genetic study and persons who completed only the online consent and survey (median, 44 vs. 63 seconds; P Ͼ 0.144).
DISCUSSION
Our results demonstrate that most participants in our study (93.6%) provided consent without spending sufficient time to thoroughly read and comprehend the informed consent document. The 81 (6.7%) participants with consent times greater than the minimum predicted reading time (566 seconds) may overestimate the number of participants who actually read the consent document because participants were not directly observed during the informed consent process and the consent interval could include time spent on other distracting activities. The latter might include multitasking on cell phones, audio players, and other electronic devices, activities which seem to be ubiquitous in our study demographic (27) . This hypothesis is supported by about one third of this group, which had consent times greater than 1000 seconds (range, 1007 to 69 407 seconds)-far longer than the time necessary to Q ϭ quartile. * Percentages were calculated on the subgroup of 1026 participants who viewed a consent document containing the hyperlink. † P Ͻ 0.001 for difference between subgroups in consent time by using the Kolmogorov-Smirnov test. ‡ Represents time to consent, identification of hyperlink, and downloading of the PDF by parents or guardians consenting for a minor. § Data were self-reported. P Ͻ 0.05 for difference between subgroups in consent time by using the Kolmogorov-Smirnov test.
read the consent document. Overall, these data suggest that the 2.5% of total participants who identified the hyperlink may provide a more accurate estimate of careful readers than the 6.7% of participants with consent times greater than the minimum predicted reading time. Although these data suggest that only a very small proportion of participants carefully reviewed the consent document, limitations of our study should be noted. Participants had the opportunity to read about the study on the home page and through Web links that described eligibility requirements and payment for participation. Because participants were not observed, discussion of the issues raised in the consent document with a sibling, friend, or parent or guardian who had more thoroughly read the document cannot be excluded. However, only 81 (6.7%) of persons had consent times greater than 566 seconds, 6 in sibships in which both participants had consent times greater than 566 seconds and 57 in sibships in which all of the other members had consent times less than 566 seconds. Of the latter group, only 34 (60%) were the first to consent in their family, suggesting that the potential bias from family members who read the consent on the other family members' reading time was minimal. The 57 participants who downloaded the consent document PDF are another subgroup that may have more thoroughly read or shared the consent document with their siblings who had short online consent times. Forty-seven participants who downloaded the consent PDF also had siblings in the study. However, participants who had a member of the sibship download the PDF had a median time to consent of 49 seconds, compared with 38 seconds for sibships in which no one downloaded the PDF. Thus, sharing of printed consent documents does not seem to contribute to a shorter consent time. Finally, there was a discrepancy between the number of informed consent Web pages viewed (n ϭ 1303) and the number returned to the server as "Agree" (n ϭ 1219). A subset of these participants could have clicked "Disagree" or exited the Web site without agreeing. Although we cannot exclude more than 1 login session for as many as 84 participants, which could have led to an underestimate of total consent time, the high mean consent time for persons who identified the hyperlink (621 seconds) suggests that careful reading of the consent document over several sessions was uncommon.
This analysis used a Web-based consent form, in contrast to the more common face-to-face consent process, which could result in differences in the decision to carefully read the consent document. One previous report suggested better reading of the informed consent document in a clinical setting, where face-to-face consenting was done (28) . In contrast, 69% (172 of 250) of patients consenting to intrathoracic, intraperitoneal, or vascular surgery in another study admitted to not reading the consent document before signing (29) , and another analysis concluded that online informed consent is as effective as traditional printed documents in terms of reading and recall of information (30) . By avoiding observation bias from study investigators, our online approach may have allowed participants more freedom to choose how much time to spend reading the informed consent document.
Taken together, these results suggest that the consent by participants to participate in this and many other studies that rely on informed consent documents for communication is unlikely to have been as truly informed as originally intended by the investigators and the IRB. This deficiency in the informed consent process may be particularly relevant to low-risk research studies, which represent a large proportion of the new protocols under review by most academic IRBs, including our own (7) . In addition, this lack of truly informed consent is likely to extend beyond research studies, to include informed consent documents used for treatment in the clinical care setting (29) .
For the persons who chose to participate in this and many other studies, the length of the standard informed consent document and the marked imbalance with perceived risk may seem equivalent to the frequently encountered end-user license agreement (EULA) that is routinely invoked to protect a software company against unlawful use of its product. The intentions behind an informed consent document and a EULA differ, however: The former is designed to educate and inform study participants and record their consent, and the latter is a legal document that protects a vendor. However, the increasing similarity in the appearance of these documents may contribute to a perception among study participants that the informed consent document exists to protect the investigators and institution, not the research participant (14, 31) . Although careful review of EULAs by consumers may be rare, with few exceptions the EULA remains an enforceable legal contract (32) . A recent news story reported that 7500 online shoppers inadvertently "sold their souls" to a video game company by failing to select the "opt out" check box when granting consent to the online EULA (33). Remarkably, the 12% of customers who opted out of this provision exceeds the 2.5% of participants in our study who successfully identified the masked hyperlink. Local IRB involvement in multi-institutional studies can reduce participation and delay data collection (34) . Waiver of the need for consent documents seems to improve participation in minimal-risk research and medical testing rates (35, 36) . Although our study was designated as minimal-risk research by the University of Michigan IRB, the final approved consent documents, based on standard templates provided by the IRB, were considerably longer (Ͼ2800 words) than many published articles and more than twice the length of a typical chemotherapy protocol consent document (average, 1087 words in 2005 to 2007 [range, 399 to 2345 words]) (37, 38) . The length and complexity of informed consent documents for many types of human research has steadily increased over the past 2 decades (37) (38) (39) . In fact, the consent document for the current study has increased from 2736 words in 2006 to 3179 words (14%) in 2011. The length of informed consent documents seems to be directly associated with decreased rates of participation in research, the introduction of recruitment bias, and increased costs of research (40 -42).
Minimal-risk research is currently estimated to constitute greater than 50% of the direct costs to IRBs, representing a significant administrative burden that potentially compromises the capacity for thorough evaluation of higher-risk studies (7) . These concerns have led to calls for major reform to the regulatory process, including exemptions from IRB review or dramatically simplified consent documents for some forms of minimal-risk research (7, 13, 43, 44) . Our data highlight the need for such reform and suggest that Web-based approaches may provide a useful tool for monitoring the informed consent process.
